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STATIC CHARGE ELIMINATION METHOD
AND STATIC CHARGE ELIMINATOR

CROSS REFERENCE TO RELATED
DOCUMENT

The present application claims the benefit of priority of
Japanese Patent Application No. 2022-085296 filed on May
25, 2022, the disclosure of which is incorporated in its
entirety herein by reference.

BACKGROUND

1 Technical Field

This disclosure relates generally to a static charge elimi-
nation method of neutralizing static electricity on an arma-
ture (e.g., a stator or a rotor) of a rotating electrical machine
and a static charge eliminator capable of neutralizing static
electricity on the armature.

2 Background Art

A typical production process for fabricating an armature
of a rotating electrical machine usually includes conducting
an insulation inspection of outer layers of wires of a three-
phase coil of the armature or resin-molded covers wrapping
portions of the wires. Japanese Patent First Publication No.
2016-70859 teaches an insulation inspection conducted to
determine whether there is an insulation fault resulting from
conductor-exposure caused by a pin hole(s) in outer layers
of portions of wires constituting a coil end of a three-phase
coil or resin-molded covers wrapping the portions of the
wires. Specifically, the insulation inspection of the outer
layers of the portions of the wires constituting the coil end
is achieved by connecting an electrode together and a first
probe of an insulation inspection device, connecting a sec-
ond probe of the insulation inspection device and metallic
sections of the wires together, applying voltage to the
electrode to create a potential difference between the elec-
trode and the metallic sections of the wires for generate
space discharge or surface discharge, and measuring a
change in such potential difference. When the change in
potential difference is smaller than a given threshold value,
it is determined that the armature is an acceptable product.
Alternatively, when the change in potential difference is
larger than the given threshold value, it is determined that an
insulation fault is determined to have occurred in the arma-
ture. The space discharge or the surface discharge, as
referred to therein, is an electrical discharge generated in a
location of an insulation fault, such as a pin hole through
which an electrical conductor is exposed, which occurs, for
example, in the outer layers of the wires of the coil end. The
insulation inspection conducted in the production process of
the armature may, however, cause the armature to be elec-
trically charged by the voltage applied thereto to check the
insulation fault, thereby leading to a risk that when a worker
directly touches the armature immediately after the insula-
tion inspection, it may discharge an electrical current
between the armature and the worker, so that the worker may
be subjected to an electrical shock. However, when a long
time interval is allowed after the insulation inspection in
order to ensure physical safety for the worker, it may result
in reduction in productivity of the armature.

Static charge elimination methods are known which use
an ionizer. Experimental tests conducted by the inventor of
this application show that it is impossible to neutralize static
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electricity on a complicated structure of an assembly, such
as an armature, which includes electrical conductors, such as
metallic wires or a core of a coil, and insulators, such as an
outer layer, of the coil.

It is, therefore, an object of this disclosure to provide a
static charge elimination method and a static charge elimi-
nator which are capable of neutralizing static electricity on
an armature.

SUMMARY

According to one aspect of this disclosure, there is pro-
vided a static charge elimination method for neutralizing
static electricity on an armature of a rotating electrical
machine. The static charge elimination method comprises:
(a) a first step of placing a first contact in contact with a core
of the armature, the first contact being connected to ground;
(b) a second step of placing a second contact in contact with
a metallic section of one of wire segments constituting a coil
of the armature or a metallic section of one of power wires
electrically connecting with the coil, the second contact
being connected to ground; and (c) a third step of placing a
third contact in contact with at least one of outer layers of
portions of the wire segments constituting a first coil end
protruding from slots formed in the core outside a first end
that is one of axially opposed ends of the core, the third
contact being connected to ground. The first step, the second
step, and the third step are performed simultaneously.

The static charge elimination method serves to avoid
dielectric polarization of the outer layers of the wire seg-
ments and eliminate static charge on the armature, which
improves the productivity and safety of the armature.

The simultaneous contacts between the core and the first
contact, between the metallic section of the wire segment or
the power line and the second contact, and between the outer
layers of the wire segments and the third contact, as referred
to in this disclosure, mean the fact that periods of time for
which the above three contacts are established may at least
partially overlap each other without the need for coincidence
of start times or end times of the contacts.

According to the second aspect of this disclosure, there is
provided a static charge elimination method for neutralizing
static electricity on an armature of a rotating electrical
machine. The static charge elimination method comprises:
(a) a first step of placing a first contact in contact with a core
of the armature, the first contact being connected to ground;
(b) a second step of placing a second contact in contact with
a metallic section of one of power wires electrically con-
necting with the coil, the second contact being connected to
ground; (c) a third step of placing a third contact in contact
with at least one of outer layers of portions of the wire
segments constituting a first coil end protruding from slots
formed in the core outside a first end that is one of axially
opposed ends of the core, the third contact being connected
to ground; and (d) a fourth step of placing a fourth contact
in contact with a resin-molded member wrapping the wire
segments constituting a second coil end protruding from
slots formed in the core outside a second end of the core
axially opposed to the first end of the core, the fourth contact
being connected to ground. The first step, the second step,
the third step, and the fourth step are performed simultane-
ously.

The static charge elimination method serves to eliminate
a risk of dielectric polarization of the outer layers of the wire
segments and remove static charge from the armature,
thereby improving the productivity and safety of the arma-
ture.
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The simultaneous contacts between the core and the first
contact, between the metallic section of the wire segment or
the power line and the second contact, between the outer
layers of the wire segments and the third contact, and
between the resin-molded member and the fourth contact, as
referred to in this disclosure, mean the fact that periods of
time for which the above four contacts are established may
at least partially overlap each other without the need for
coincidence of start times or end times of the events of the
contacts.

According to the third aspect of this disclosure, there is
provided a static charge eliminator for neutralizing static
electricity on an armature of a rotating electrical machine.
The static charge eliminator comprises: (a) a first contact
which is contactable with a core of the armature and
connected to ground; (b) a second contact which is con-
tactable with a metallic section of one of wire segments
constituting a coil of the armature or a metallic section of
one of power wires electrically connecting with the coil, the
second contact being connected to ground; (c) a third contact
which is contactable with at least one of outer layers of
portions of the wire segments constituting a first coil end
protruding from slots formed in the core outside a first end
that is one of axially opposed ends of the core, the third
contact being connected to ground; and (d) a drive unit
which works to move at least one of the first contact, the
second contact, the third contact, and the armature to simul-
taneously achieve contacts between the core and the first
contact, between the metallic section of one of the wire
segments or the metallic section of one of the power wires
and the second contact, and between the outer layers of the
portions of the wire segments and the third contact.

The static charge eliminator serves to eliminate a risk of
dielectric polarization of the outer layers of the wire seg-
ments and remove static charge from the armature.

According to the fourth aspect of this disclosure, there is
provided a static charge eliminator for neutralizing static
electricity on an armature of a rotating electrical machine.
The static charge eliminator comprises: (a) a first contact
which is contactable with a core of the armature and
connected to ground; (b) a second contact which is con-
tactable with a metallic section of one of power wires
electrically connecting with the coil, the second contact
being connected to ground; (c) a third contact which is
contactable with at least one of outer layers of portions of the
wire segments constituting a first coil end protruding from
slots formed in the core outside a first end that is one of
axially opposed ends of the core, the third contact being
connected to ground; (d) a fourth contact which is con-
tactable with a resin-molded member wrapping the wire
segments constituting a second coil end protruding from
slots formed in the core outside a second end of the core
axially opposed to the first end of the core, the fourth contact
being connected to ground; and (e) a drive unit which works
to move at least one of the first contact, the second contact,
the third contact, the fourth contact, and the armature to
simultaneously achieve contacts between the core and the
first contact, between the metallic section of one of the
power wires and the second contact, between the outer
layers of the portions of the wire segments and the third
contact, and between the resin-molded member and the
fourth contact.

The static charge eliminator serves to eliminate a risk of
dielectric polarization of the resin-molded member wrap-
ping the power wire and the outer layers of the wires and
remove static charge from the armature.
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Symbols in brackets attached to component parts, as
discussed below, are used only to indicate exemplified
correspondences between the symbols and the component
parts.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure will be understood more fully from
the detailed description given hereinbelow and from the
accompanying drawings of the preferred embodiments of
the invention, which, however, should not be taken to limit
the invention to the specific embodiments but are for the
purpose of explanation and understanding only.

In the drawings:

FIG. 1 is a side view which illustrates an armature and a
static charge eliminator according to the first embodiment;

FIG. 2 is a longitudinal sectional view which illustrates a
portion of a stator, as enclosed by a broken line II;

FIG. 3 is a view which illustrates locations of sensors used
in verification tests for neutralization of static electricity
using a static charge eliminator in the first embodiment;

FIG. 4 is a graph which represents results of verification
tests for neutralization of static electricity in a first condition
using a static charge eliminator in the first embodiment;

FIG. 5 is a graph which represents results of verification
tests for neutralization of static electricity in a second
condition using a static charge eliminator in the first embodi-
ment;

FIG. 6 is a graph which represents results of verification
tests for neutralization of static electricity using a typical
ionizer in a first comparative example;

FIG. 7 is a graph which represents results of verification
tests for neutralization of static electricity using a typical
ionizer in a second comparative example;

FIG. 8 is a graph which represents results of verification
tests for neutralization of static electricity using a typical
ionizer in a third comparative example;

FIG. 9 is a graph which represents results of verification
tests for neutralization of static electricity using a typical
ionizer in a fourth comparative example; and

FIG. 10 is a side view which illustrates an armature and
a static charge eliminator according to the second embodi-
ment.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

An embodiment will be described below with reference to
the drawings. In the following discussion, like reference
numbers refer to like parts in several views, and explanation
thereof in detail will be omitted here.

First Embodiment

The first embodiment will be described below with ref-
erence to the drawings. A static charge elimination method
and a static charge eliminator according to the first embodi-
ment, as illustrated in FIG. 1, works to eliminate or neu-
tralize static electricity charged on the stator 1 used, for
example, as an armature of a rotating electrical machine,
such as a motor-generator mounted in an electrical vehicle.

The stator 1, as can be seen in FIGS. 1 and 2, includes the
annular core (also called a stator core) 3, the coil 2 made of
a conductor extending through the slots 4 formed in the core
3, and the insulating sheets 6 each disposed between an inner
wall of a respective one of the slots 4 and the conductor of
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the coil 2. The coil 2, as referred to herein, is designed in the
form of a three-phase coil constituting a portion of a
three-phase A.C. circuit.

The coil 2 includes a U-phase winding, a V-phase wind-
ing, and a W-phase winding each of which is made of
U-shaped wire segments each of which is formed by the
metallic portion 21 wrapped by the outer layer 20 serving as
an electrical insulator made from enamel. The production of
the stator 1 is achieved by inserting the U-shaped wire
segments into the slots 4 from a first one (also referred to as
a first side or a first axial side) of axially opposed ends of the
core 3 to a second end (also referred to as a second side or
a second axial side) of the core 3, so that portions of the wire
segments which protrude outside the first end of the core 3
(which will also be referred to as the first coil end 7) are
covered with the outer layers 20. An axial direction, as
referred to herein, is a direction in which the center axis CL
of the core 3 extends.

The wire segments of the coil 2 also have portions which
protrude outside the second end of the core 3 (which will
also be referred to as the second coil end 8) and a respective
two of which are welded together. In the following discus-
sion, the welded portions of the wire segments of the coil 2
which are exposed outside the outer layers 20 will also be
referred to as welds 9. The U-phase winding, the V-phase
winding, and the W-phase winding of the coil 2 have the
power wires 10 electrically connected thereto. The power
wires 10 extend from the second coil end 8 (i.e., the second
side) of the coil 2 outside the core 3 in the radial direction.

In the production process of the stator 1, an insulation
inspection is conducted to inspect degrees of electrical
insulation of the outer layers 20 of the wire segments which
constitute the first coil end 7 of the coil 2 and protrude from
the slots 4 in the core 3 outside the first end of the core 3.
The insulation inspection is achieved by applying a voltage
to the stator 1 to create an electrical potential difference
between an electrode and each of the metallic sections 21 of
the wire segments of the coil 2 or each of the metallic
sections 21 of the power wires 10 to develop a spatial
discharge or a creeping discharge and measuring a change in
the electrical potential difference. The space discharge or the
surface discharge, as referred to therein, is an electrical
discharge generated in a location of an insulation fault, such
as a pin hole through which an electrical conductor is
exposed, which occurs in the outer layers 20. When the
measured changes in electrical potential differences are
lower than a given threshold level, the stator 1 is determined
to be an acceptable product. Alternatively, when one of the
measured changes in electrical potential differences is higher
than the given threshold value, an insulation fault is deter-
mined to have occurred in the layer 20.

The insulation inspection conducted in the production
process of the stator 1 has a risk that the stator 1 may be
electrically charged due to the application of voltage thereto
in the insulation inspection. In order to alleviate such a
drawback, the static charge eliminator or the static charge
elimination method in this embodiment is designed to
remove the static charge from the stator 1 electrically
charged in the insulation inspection.

The static charge eliminator in the first embodiment is
equipped with the first contact 11, the second contact 12, the
third contact 13, and the drive unit 15.

The first contact 11, the second contact 12, and the third
contact 13 are each made from an electrically conductive
material. The first contact 11, the second contact 12, and the
third contact 13 are connected to ground through ground
wires, not shown.
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The first contact 11 is arranged to be contactable with the
core 3 of the stator 1. The core 3 is made of a stack of
metallic steel plates. The first contact 11 is capable of
neutralizing static electricity charged on the core 3.

The second contact 12 is arranged to be contactable with
the metallic section 21 of one of the power wires 10 of the
stator 1. The second contact 12 is capable of removing static
electricity from the metallic sections 21 of all of the wire
segments of the coil 2 of the stator 1. The second contact 12,
although not illustrated, may alternatively be designed to be
contactable with one of the welds 9 of the ends of the wire
segments of the coil 2. In other words, the second contact 12
may be configured to be electrically contactable with the
metallic section 21 of a selected one of the wire segments of
the coil 2 or the metallic section 21 of a selected one of the
power wires 10 of the stator 1.

The third contact 13 is arranged to be contactable with the
outer layers 20 of the wire segments defining the first coil
end 7. Specifically, the third contact 13 includes the plate 16
of'an annular or a disc-shape. The plate 16 is made from an
electrically conductive material and has an area 51, as
viewed in the axial direction of the core 3, which is
substantially identical with or larger than an area S2 that is
an area of a region which is defined to extend in a direction
perpendicular to the axial direction of the core 3 and
occupied by the outer layers 20 of the wire segments of the
first coil end 7. In other words, the whole of the region where
the outer layers 20 of the wire segments of the first coil end
7 are arranged overlaps entirely with the major surface of the
plate 16 of the third contact 13, as viewed in the axial
direction of the core 3, so that the plate 16 is contactable
with the outer layers 20 of all of the wire segments consti-
tuting the first coil end 7. This enables the third contact 13
to avoid dielectric polarization of the outer layers 20 of the
wire segments of the first coil end and neutralize static
electricity charged on the outer layers 20. The third contact
13 may alternatively be configured not to be contactable
with the outer layers 20 of one or some of the wire segments
in view of a production error of the coil 2.

The drive unit 15 is actuated to move at least one of the
first contact 11, the second contact 12, the third contact 13,
and the stator 1 to achieve an electrical contact of each of the
first contact 11, the second contact 12, the third contact 13
with a given portion of the stator 1. Specifically, the drive
unit 15 works to move at least one of the first contact 11, the
second contact 12, the third contact 13, and the stator 1 to
simultaneously make contact of the core 3 with the first
contact 11, contact of one of the metallic sections 21 of the
power wires 10 or one of the wire segments of the coil 2 with
the second contact 12, and contact of at least one of the outer
layers 20 of the wire segments with the third contact 13.

In the example illustrated in FIGS. 1 and 2, the drive unit
15 is designed to operate the first contact 11 and the second
contact 12. Specifically, the stator 1 is disposed on the plate
16 of the third contact 13 with the outer layers 20 of the wire
segments of the first coil end 7 being in contact with the plate
16 of the third contact 13. The drive unit 15 then moves both
the first contact 11 and the second contact 12 to simultane-
ously make a physical contact of the first contact 11 with the
core 3, a physical contact of the second contact 12 with the
metallic section 21 of the power wire 10 or the metallic
section 21 of the wire segment of the coil 2, and a physical
contact of the third contact 13 with the outer layers of the
wire segments of the coil 2, thereby neutralizing static
electricity charged on portions of the stator 1 without a risk
that the static electricity may escape to other portions of the
stator 1.
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Verification Tests

Tests to verify the neutralization of static electricity
achieved by the static charge eliminator in the first embodi-
ment will be described below with reference to FIGS. 3 to
5.

We conducted verification tests using the sensors 31, 32,
and 33 which are, as illustrated in FIG. 3, attached to
portions of the stator 1 to measure levels of voltage charged
thereon. Specifically, the first sensor 31 was arranged at an
intersection of the outer layers 20 of the wire segments
defining the second coil end 8 of the coil 2. The second
sensor 32 was arranged on the weld 9 of the ends of the wire
segments constituting the second coil end 8 of the coil 2. The
third sensor 33 was disposed on the outer layers 20 of the
wire segments constituting the first coil end 7 of the coil 2.
The voltage was applied to the stator 1 to charge it in the
same way as in the insulation inspection. Afterwards, the
static electricity on the stator 1 was neutralized by the static
charge eliminator.

FIG. 4 is a graph which shows a change in level of voltage
which was charged on the stator 1 and then neutralized by
the static charge eliminator. Specifically, after the outer
layers 20 of the wire segments constituting the first coil end
7 were positively charged, the static electricity was neutral-
ized by the static charge eliminator. Such charging and
neutralization were conducted cyclically.

The horizontal axis in FIG. 4 indicates the number of
times the outer layers 20 are charged or neutralized. The
vertical axis in FIG. 4 indicates the charged voltage. The
broken line A represents the level of charged voltage mea-
sured by the first sensor 31. The chain line B represents the
level of charged voltage measured by the second sensor 32.
The solid line C represents the level of charged voltage
measured by the third sensor 33. The same is true for FIGS.
5 t0 9, as will be discussed later, except for the horizontal
axis.

T 2, T 4, T 6, and T_8 in FIG. 4 denote the levels of
charged voltage after the stator 1 is charged. T_3, T_5, T_7,
and T_9 denote the levels of charged voltage after the static
electricity on the stator 1 is neutralized. The graph shows
that after the static electricity is removed by the static charge
eliminator in the first embodiment, the levels of charged
voltage measured by the first to third sensors 31 to 33 all lie
in a range of, for example, 1 kV to -1 kV where most people
will be unaware of electrical shocks.

FIG. 5 is a graph which shows a change in level of voltage
which was charged on the stator 1 and then neutralized by
the static charge eliminator. Specifically, after the outer
layers 20 of the wire segments defining the first coil end 7
were negatively charged, the static electricity was neutral-
ized by the static charge eliminator. Such charging and
neutralization were conducted cyclically. T_12, T_14, T_16,
and T_18 in FIG. 5 denote the levels of charged voltage after
the stator 1 is charged. T_13, T_15, T_17, and T_19 denote
the levels of charged voltage after the static electricity on the
stator 1 is neutralized. The graph shows that after the static
electricity is removed by the static charge eliminator in the
first embodiment, the levels of charged voltage measured by
the first to third sensors 31 to 33 all lie in a range of, for
example, 1 kV to -1 kV where most people will be unaware
of electrical shocks.

Comparative Example
Verification tests performed using an ionizer will be

described as compared to the static charge eliminator in the
first embodiment with reference to FIGS. 6 to 9.
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FIG. 6 shows a change in level of voltage which is
charged on the stator 1 and then neutralized by the ionizer.
Specifically, after the outer layers 20 of the wire segments
constituting the first coil end 7 are charged over +1 kV, the
first coil end 7 is exposed to negative ions emitted by the
ionizer.

The horizontal axis in FIG. 6 indicates the time. The same
is true for FIGS. 7 to 9 which will be referred to later. T_20
in FIG. 6 denotes levels of voltage at the stator 1 after the
stator 1 is charged. T_21 to T_22 denote levels of voltage at
the stator 1 after the static electricity on the stator 1 is
neutralized. The broken line A shows that the level of
voltage charged on the stator 1 which is measured by the first
sensor 31 after the static electricity on the stator 1 is
neutralized by the ionizer, i.e., the level of voltage charged
on the outer layers 20 of the second coil end 8 increases to
be higher than -1 kV in terms of an absolute value with the
passage of time, so that it will lie in a voltage range where
most people will be unaware of electrical shocks.

FIG. 7 shows a change in level of voltage charged on the
stator 1 when the outer layers 20 of the wire segments
constituting the first coil end 7 are charged to a voltage level
greatly higher than -1 kv in terms of an absolute value, after
which the first coil end 7 and the second coil end 8 are both
exposed to positive and negative ions emitted from the
ionizer. In FIG. 7, T_30 denotes levels of voltage on the
stator 1 after the stator 1 is charged. T_31 to T_32 denote
levels of voltage on the stator 1 after static electricity on the
stator 1 is neutralized. The solid line C shows that after the
stator 1 is neutralized by the ionizer, the level of voltage, as
measured by the third sensor 33, i.e., on the outer layers 20
of the first coil end 7 becomes +1 kV with the passage of
time which lies in a range where most people will be
unaware of electrical shocks. FIG. 8 shows a change in level
of voltage charged on the stator 1 when the outer layers 20
of the wire segments constituting the first coil end 7 are
charged to a voltage level greatly higher than -1 kv in terms
of an absolute value, after which the first coil end 7 is
exposed to positive ions emitted from the ionizer, while the
second coil end 8 is exposed to positive and negative ions
emitted from the ionizer. In FIG. 8, T_40 denotes levels of
voltage on the stator 1 after the stator 1 is charged. T_41 to
T_42 denote levels of voltage charged on the stator 1 after
static electricity on the stator 1 is neutralized. The solid line
C shows that after the stator 1 is neutralized by the ionizer,
the level of voltage, as measured by the third sensor 33, i.e.,
on the outer layers 20 of the first coil end 7 becomes more
than +1 kV with the passage of time which lies in a range
where most people will be unaware of electrical shocks.

FIG. 9 shows a change in level of voltage charged on the
stator 1 when the outer layers 20 of the wire segments
constituting the first coil end 7 are charged to a voltage level
around -1 kv, after which the first coil end 7 is exposed to
positive ions emitted from the ionizer, while the second coil
end 8 is exposed to negative ions emitted from the ionizer.
In FIG. 9, T_50 denotes levels of voltage on the stator 1 after
the stator 1 is charged. T_51 to T_52 denote levels of voltage
charged on the stator 1 after static electricity on the stator 1
is neutralized. The broken line A shows that after the stator
1 is neutralized by the ionizer, the level of voltage, as
measured by the first sensor 31, i.e., on the outer layers 20
of the second coil end 8 becomes more than -1 kV in terms
of an absolute value with the passage of time, which lies in
a range where most people will be unaware of electrical
shocks. The solid line C shows that the level of voltage, as
measured by the third sensor 33, i.e., on the outer layers 20
of the first coil end 7 becomes more than +1 kV with the
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passage of time, which lies in a range where most people
will be unaware of electrical shocks.

The above verification tests show that it is impossible for
the typical ionizer to neutralize static electricity on the stator
1 to a required degree.

Beneficial Advantages Offered by the First Embodiment

The static charge elimination method and the static charge
eliminator in the first embodiment provide the following
beneficial advantages as compared with the ionizer dis-
cussed in the above comparative example.

1) The static charge elimination method in the first
embodiment includes a first step of placing the first
contact 11 in electrical contact with the core 3 of the
stator 1, a second step of placing the second contact 12
in electrical contact with the metallic section 21 of one
of the wire segments of the coil 2 or the metallic section
of'one of the power wires 10, and a third step of placing
the third contact 13 in electrical contact with the outer
layers 20 of the wire segments constituting the first coil
end 7. The first contact 11, the second contact 21, and
the third contact 13 are, as described above, connected
to ground. The first, second, and third steps are per-
formed at the same time. The static charge elimination
method serves to eliminate a risk of dielectric polar-
ization of the outer layers of the wire segments of the
coil 2 end and neutralize static electricity charged on
the outer layers 20. This improves the productivity and
the margin of safety of the stator 1.

2) The static charge eliminator in the first embodiment is,
as described above, equipped with the first contact 11,
the second contact 12, the third contact 13, and the
drive unit 15. The first contact 11, the second contact
12, and the third contact 13 are each connected to
ground. The first contact 11 is electrically contactable
with the core 3 of the stator 1. The second contact 12
is electrically contactable with the metallic sections 21
of the wire segments of the coil 2 or the metallic
sections 21 of the power wires 10. The third contact 13
is electrically contactable with the outer layers 20 of the
wire segments of the first coil end 7. The drive unit 15
works to move at least one of the first contact 11, the
second contact 12, the third contact 13, and the stator
1 to simultaneously achieve the electrical contacts
between the core 3 and the first contact 11, between the
metallic sections 21 of the wire segments of the coil 2
or the metallic sections 21 of the power wires 10 and
the second contact 12, and between the outer layers 20
of the wire segments and the third contact 13. This
structure enables the static charge eliminator to elimi-
nate a risk of dielectric polarization of the outer layers
20 of the wire segments and achieves the neutralization
of static electricity on the stator 1.

3) If a region which is defined to extend in a direction
perpendicular to the axial direction of the core 3 and
occupied by the outer layers 20 of the wire segments
constituting the first coil end 7 is partly out of overlap
with the plate 16 of the third contact 13 in the axial
direction of the core 3, it results in a risk that electrical
charges may escape to one or some of the outer layers
20 of the wire segments constituting the first coil end 7
which are out of overlap with the plate 16 of the third
contact 13, thus leading to the dielectric polarization of
the one or some of the outer layers 20. The static charge
eliminator in the first embodiment is, however,
designed to have the above region, as occupied by the
outer layers 20 of the wire segments of the first coil end
7, which completely or entirely overlaps with the plate
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10
16 of the third contact 13, thereby eliminating a risk of
dielectric polarization of the outer layers 20 which may
occur when the outer layers 20 of the wire segments of
the first coil end 7 are placed in contact with the plate
16 of the third contact 13. This ensures the stability in
neutralizing static electricity on the stator 1.

Second Embodiment

The second embodiment will be described below which is
different in a portion of the stator 1 and a portion of the static
charge eliminator from the first embodiment. The following
discussion will refer only to such differences for the brevity
of disclosure.

The stator 1 that is a target whose static electricity is
neutralized by the static charge eliminator in the second
embodiment, as illustrated in FIG. 10, has the welds 9 of the
ends of the wire segments forming the second coil end 8
which are covered with the resin-molded members 5. The
resin-molded members 5 may be provided one for each of
the welds 9. Alternatively, some or all of the welds 9 may be
molded with resin, in other words, wrapped by a single
resin-molded member 5.

The static charge eliminator in the second embodiment
includes the first contact 11, the second contact 12, the third
contact 13, the fourth contact 14, and the drive unit 15.

The first contact 11, the second contact 12, and the third
contact 13 are substantially identical in structure with those
in the first embodiment, and explanation thereof in detail
will be omitted here.

The fourth contact 14 is, like the first contact 11, the
second contact 12, and the third contact 13, made from an
electrically conductive material and connected to ground
through a ground wire, not shown. The fourth contact 14 is
arranged to be contactable with the resin-molded members
5 wrapping the ends of the wire segments of the second coil
end 8. Specifically, the fourth contact 14 is equipped with the
upper plate 17 of an annular or a disc-shape. The upper plate
17 is made from an electrically conductive material. The
upper plate 17 has a major surface whose area S3 is selected
to be equal to or larger than an area S4 that is an area of a
region which is defined to extend in a direction perpendicu-
lar to the axial direction of the core 3 and occupied by the
resin-molded members 5 wrapping the ends of the wire
segments of the second coil end 8. The whole of the area S4
overlaps with the upper plate 17 of the fourth contact 14 (i.e.,
the area S3) as viewed in the axial direction of the core 3.
This achieves a physical contact of the upper plate 17 of the
fourth contact 14 with all of the resin-molded members 5
wrapping the wire segments of the second coil end 8,
thereby enabling the fourth contact 14 to neutralize static
electricity charged on the resin-molded members 5 wrapping
the wire segments of the second coil end 8 without a risk of
dielectric polarization of the resin-molded member 54. The
fourth contact 14 is preferably designed to be contactable
with all of the resin-molded members 5, but however, may
alternatively be configured to be contactable with some of
the resin-molded members 5 in view of a production error
thereof.

The drive unit 15 works to move at least one of the first
contact 11, the second contact 12, the third contact 13, the
fourth contact 14, and the stator 1 to achieve physical and
electrical contacts of the first contact 11, the second contact
12, the third contact 13, and the fourth contact 14 with
selected portions of the stator 1. Specifically, the drive unit
moves at least one of the first contact 11, the second contact
12, the third contact 13, and the fourth contact 14 to
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simultaneously establish contacts between the core 3 and the
first contact 11, between the metallic section 21 of the power
wire 10 and the second contact 12, between the outer layers
of the wire segments and the third contact 13, and between
the resin-molded members 5 and the fourth contact 14.

In the example illustrated in FIG. 10, the drive unit 15
works to move the first contact 11, the second contact 12,
and the fourth contact 14. Specifically, the stator 1 is
disposed on the plate 16 of the third contact 13 with the outer
layers 20 of the wire segments of the first coil end 7 being
in contact with the plate 16 of the third contact 13. The drive
unit 15 then move the first contact 11, the second contact 12,
and the fourth contact 14 to simultaneously make a physical
contact of the first contact 11 with the core 3, a physical
contact of the second contact 12 with the metallic section 21
of the power wire 10 or the wire segment of the coil 2, and
a physical contact of the fourth contact 14 with the resin-
molded members 5, so that times when such contacts are
established coincide with each other. This neutralizes static
electricity charged on portions of the stator 1 without a risk
that the static electricity may escape to other portions of the
stator 1.

The second embodiment, as described above, establishes
the contact of the outer layers 20 of the wire segments of the
coil 3 with the third contact 13 and the contact of the
resin-molded members 5 with the fourth contact 14, thereby
enabling the size or dimension of the stator 1 in the axial
direction thereof to be measured as well as the neutralization
of static electricity charged on the stator 1. In other words,
the static charge eliminator may be designed as a device
capable of removing the static electricity from the stator 1
and measuring the axial dimension of the stator 1. The static
charge eliminator and the static charge elimination method
in the second embodiment offers the following beneficial
advantages.

1) The static charge elimination method in the second
embodiment includes a first step of placing the first
contact 11 in electrical contact with the core 3 of the
stator 1, a second step of placing the second contact 12
in electrical contact with the metallic section 21 of a
selected one of the wire segments of the coil 2 or the
metallic section 21 of a selected one of the power wires
10, a third step of placing the third contact 13 in
electrical contact with the outer layers 20 of the wire
segments constituting the first coil end 7, and a fourth
step of placing the fourth contact 14 in electrical
contact with the resin-molded members 5 wrapping the
second coil end 8. The first contact 11, the second
contact 21, the third contact 13, and the fourth contact
14 are, as described above, connected to ground. The
first, second, third, and fourth steps are performed at the
same time. The static charge elimination method serves
to eliminate a risk of dielectric polarization of the outer
layers 20 of the wire segments of the coil 2 end and the
resin-molded members 5 and also neutralize static
electricity charged on the stator 1. This improves the
productivity and the margin of safety of the stator 1.

2) The static charge elimination method in the second
embodiment includes achieving contact of the third
contact 13 with the outer layers of the wire segments of
the first coil end 7 and contact of the fourth contact 14
with the resin-molded members 5 wrapping the ends of
the wire segments of the second coil end 8 which is
opposed to the first coil end 7 in the axial direction of
the stator 1, thereby enabling the neutralization of static
electricity on the stator 1 and measurement of an axial
dimension of the stator 1. The neutralization of static
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electricity on the stator 1 and the measurement of the
axial dimension of the stator 1 are performed simulta-
neously, thereby facilitating the production steps of the
stator 1, shortening a production time for the stator 1,
and improving the productivity of the stator 1.

3) The static charge eliminator in the second embodiment
is, as described above, equipped with the first contact
11, the second contact 12, the third contact 13, the
fourth contact 14, and the drive unit 15. The first
contact 11, the second contact 12, and the third contact
13, and the fourth contact 14 are each connected to
ground. The first contact 11 is electrically contactable
with the core 3 of the stator 1. The second contact 12
is electrically contactable with the metallic section 21
of one of the wire segments of the coil 2 or the metallic
section 21 of one of the power wires 10. The third
contact 13 is electrically contactable with the outer
layers 20 of the wire segments of the first coil end 7.
The fourth contact 14 is electrically contactable with
the resin-molded members 5 wrapping the second coil
end 8 which is opposed to the first coil end 7 in the axial
direction of the stator 1. The drive unit 15 works to
move at least one of the first contact 11, the second
contact 12, the third contact 13, the fourth contact 14,
and the stator 1 to simultaneously achieve the electrical
contacts between the core 3 and the first contact 11,
between the metallic sections 21 of the power wires 10
and the second contact 12, between the outer layers 20
of the wire segments and the third contact 13, and
between the resin-molded members 5 and the fourth
contact 14. This structure enables the static charge
eliminator to eliminate a risk of dielectric polarization
of the outer layers 20 and the resin-molded members 5
and achieves the neutralization of static electricity on
the stator 1.

4) If a region which is defined to extend in a direction
perpendicular to the axial direction of the core 3 and
occupied by the resin-molded member 5 wrapping the
wire segments of the second coil end 8 is partly out of
overlap with the plate 17 of the fourth contact 14 in the
axial direction of the core 3, it results in a risk that
electrical charges may escape to one or some of the
resin-molded members 5 covering the wire segments of
the second coil end 8 which are out of overlap with the
plate 17 of the fourth contact 14, thus leading to the
dielectric polarization of the one or some of the resin-
molded members 5. The static charge eliminator in the
second embodiment is, however, designed to have the
above region, as occupied by the resin-molded mem-
bers 5 covering the wire segments constituting the
second coil end 8, which entirely overlaps with the
plate 17 of the fourth contact 14, thereby eliminating a
risk of dielectric polarization of the resin-molded mem-
bers 5 which may occur upon contact of the resin-
molded members 5 with the upper plate 17 of the fourth
contact 14, which ensures the stability in neutralizing
static electricity on the stator 1.

Other Embodiments

Each of the embodiments has referred to the stator 1
designed as an armature that is a target whose static elec-
tricity is to be neutralized, but however, the armature may be
implemented by a rotor equipped with the coil 2.

Each of the embodiments has referred to the Y-connected
coil 2 of the stator 1 that is a target whose static electricity
is to be neutralized, but however, the coil 2 may alternatively
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be designed in the form of A-connection, AY-connection,
Y A-connection, AA-connection, or YY connection.

While the preferred embodiments have been disclosed in
order to facilitate better understanding of the invention, it
should be appreciated that the invention can be embodied in
various ways without departing from the principle of the
invention. Therefore, the invention should be understood to
include all possible embodiments and modifications to the
shown embodiments which can be embodied without depart-
ing from the principle of the invention as set forth in the
appended claims.

The component parts described in the above embodiments
are not necessarily essential unless otherwise specified or
viewed to be essential in principle. When the number of the
component parts, a numerical number, a volume, or a range
is referred to in the above discussion, this disclosure is not
limited to it unless otherwise specified or viewed to be
essential in principle. Similarly, when the shape of, the
orientation of, or the positional relation among the compo-
nent parts is referred to in the above discussion, this disclo-
sure is not limited to it unless otherwise specified or clearly
essential in principle.

What is claimed is:

1. A static charge elimination method for neutralizing
static electricity on an armature of a rotating electrical
machine comprising:

a first step of placing a first contact in contact with a core
of the armature, the first contact being connected to
ground;

a second step of placing a second contact in contact with
a metallic section of one of wire segments constituting
a coil of the armature or a metallic section of one of
power wires electrically connecting with the coil, the
second contact being connected to ground; and

a third step of placing a third contact in contact with at
least one of outer layers of portions of the wire seg-
ments constituting a first coil end protruding from slots
formed in the core outside a first end that is one of
axially opposed ends of the core, the third contact being
connected to ground, wherein

the first step, the second step, and the third step are
performed simultaneously.

2. The static charge elimination method as set forth in
claim 1, wherein the armature is implemented by one of a
stator and a rotor of the rotating electrical machine.

3. A static charge elimination method for neutralizing
static electricity on an armature of a rotating electrical
machine comprising:

a first step of placing a first contact in contact with a core
of the armature, the first contact being connected to
ground;

a second step of placing a second contact in contact with
a metallic section of one of power wires electrically
connecting with the coil, the second contact being
connected to ground;

a third step of placing a third contact in contact with outer
layers of portions of the wire segments constituting a
first coil end protruding from slots formed in the core
outside a first end that is one of axially opposed ends of
the core, the third contact being connected to ground;
and

a fourth step of placing a fourth contact in contact with a
resin-molded member wrapping the wire segments
constituting a second coil end protruding from slots
formed in the core outside a second end of the core
axially opposed to the first end of the core, the fourth
contact being connected to ground, wherein
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the first step, the second step, the third step, and the fourth
step are performed simultaneously.

4. The static charge elimination method as set forth in
claim 3, further comprising measuring an axial dimension of
the armature by means of the third step of placing the third
contact in contact with the outer layer of the portions of the
wire segments constituting the first coil end protruding
outside the first end and the fourth step of placing the fourth
contact in contact with the resin-molded member wrapping
the wire segments constituting the second coil end protrud-
ing outside the second end of the core.

5. The static charge elimination method as set forth in
claim 3, wherein the armature is implemented by one of a
stator and a rotor of the rotating electrical machine.

6. A static charge eliminator for neutralizing static elec-
tricity on an armature of a rotating electrical machine
comprising:

a first contact which is contactable with a core of the

armature and connected to ground;

a second contact which is contactable with a metallic
section of one of wire segments constituting a coil of
the armature or a metallic section of one of power wires
electrically connecting with the coil, the second contact
being connected to ground;

a third contact which is contactable with at least one of
outer layers of portions of the wire segments consti-
tuting a first coil end protruding from slots formed in
the core outside a first end that is one of axially opposed
ends of the core, the third contact being connected to
ground; and

a drive unit which works to move at least one of the first
contact, the second contact, the third contact, and the
armature to simultaneously achieve contacts between
the core and the first contact, between the metallic
section of one of the wire segments or the metallic
section of one of the power wires and the second
contact, and between the outer layer of the portions of
the wire segments and the third contact.

7. The static charge eliminator as set forth in claim 6,
wherein the third contact includes a plate which is config-
ured to overlap with a whole of a region, as viewed in an
axial direction of the core, where the outer layer of the wire
segments of the first coil end is arranged.

8. The static charge eliminator as set forth in claim 6,
wherein the armature is implemented by a stator and a rotor
of the rotating electrical machine.

9. A static charge eliminator for neutralizing static elec-
tricity on an armature of a rotating electrical machine
comprising:

a first contact which is contactable with a core of the

armature and connected to ground;

a second contact which is contactable with a metallic
section of one of power wires electrically connecting
with the coil, the second contact being connected to
ground;

a third contact which is contactable with at least one of
outer layers of portions of the wire segments consti-
tuting a first coil end protruding from slots formed in
the core outside a first end that is one of axially opposed
ends of the core, the third contact being connected to
ground;

a fourth contact which is contactable with a resin-molded
member wrapping the wire segments constituting a
second coil end protruding from slots formed in the
core outside a second end of the core axially opposed
to the first end of the core, the fourth contact being
connected to ground; and
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a drive unit which works to move at least one of the first
contact, the second contact, the third contact, the fourth
contact, and the armature to simultaneously achieve
contacts between the core and the first contact, between
the metallic section of one of the power wires and the
second contact, between the outer layers of the portions
of'the wire segments and the third contact, and between
the resin-molded member and the fourth contact.

10. The static charge eliminator as set forth in claim 9,
wherein the third contact includes a plate which is config-
ured to overlap with a whole of a region, as viewed in an
axial direction of the core, where the outer layers of the wire
segments of the first coil end are arranged.

11. The static charge eliminator as set forth in claim 10,
wherein the fourth contact includes a plate which is config-
ured to overlap with a whole of a region, as viewed in an
axial direction of the core, where the resin-molded layer of
the wire segments of the first coil end is arranged.

12. The static charge eliminator as set forth in claim 9,
wherein the armature is implemented by a stator and a rotor
of the rotating electrical machine.
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